The Ponseti treatment has shown to be a very successful treatment for idiopathic clubfoot (Ponseti et al. 1992, Morcuende et al. [@CIT0010]). Unfortunately, approximately 11--48% of treated clubfeet show problems during follow up (Ponseti [@CIT0013], Morcuende et al. [@CIT0010], Hosseinzadeh et al. [@CIT0005]). Some feet do not fully correct, while others have a tendency to relapse (Ponseti [@CIT0013]). In the literature, the distinction between these problematic clubfeet is not always clear (Hosseinzadeh et al. [@CIT0005]). In the current study we define residual deformities as deformities that underwent primary treatment but were never fully corrected and need additional treatment (Radler and Mindler [@CIT0015]). A relapse is defined as any feature of the clubfoot reoccurring after initial successful treatment, which needs additional treatment (Laaveg and Ponseti [@CIT0007]).

The pathology of residual or relapsed clubfeet is still unknown. It is clear that inappropriate bracing leads to relapses (Morcuende et al. [@CIT0010], Dobbs et al. [@CIT0004]). But non-compliance with the bracing protocol does not explain all relapses. Any deformity of the initial clubfoot can be present in a residual or relapsed clubfoot. Furthermore, toe deformities, stiffness, or articular incongruence might be present (Uglow and Kurup [@CIT0016], Parsa et al. [@CIT0011]).

The treatment of residual and relapsed clubfeet involves many challenges that were, in the past, frequently tackled by means of extensive surgical interventions (Radler and Mindler [@CIT0015]). Nowadays, opinions have shifted and the additional treatment takes on a more reserved or nonoperative approach. A step-by-step approach is important and based on the original Ponseti treatment, involves repeated casting, a proper bracing period, and only if necessary surgical intervention (Dietz [@CIT0003], Jowett et al. [@CIT0006], Radler and Mindler [@CIT0015]). The Ponseti treatment includes the possibility to expand the foot correction with tibialis anterior tendon transfer to redress the common problem of adduction and supination in residual and relapsed clubfeet (Parsa et al. [@CIT0011], Radler and Mindler [@CIT0015]). Furthermore, treatment should be specific to the pathoanatomy of the deformity and functional needs of the patients should be taken into account during treatment planning (Radler and Mindler [@CIT0015]). Applied to residual, relapsed, neglected, and complex clubfoot, the Ponseti treatment has shown positive results with respect to pain, functionality, and cosmesis (Dietz [@CIT0003], Lourenço and Morcuende [@CIT0008], Radler and Mindler [@CIT0015], Matar et al. [@CIT0009]).

Early identification of residues and relapses allows for early treatment and therefore may diminish the necessity for major surgical interventions (Ponseti [@CIT0013], Dietz [@CIT0003]). However, due to the variable manner in which a residual or relapsed clubfoot may occur, they may be difficult to identify at an early stage. Therefore, the aim of this study is to gain insight into the deformities of residual and relapsed clubfeet and the applied treatment at our clubfoot treatment center. Being aware which deformities occur most frequently and at what stage of the treatment aids in determining the optimal treatment and timing of this.

Patients and methods {#s0002}
====================

We performed a retrospective dossier study of clubfoot patients treated by one orthopedic surgeon specialized in clubfoot pathology (ATB) between 2012 and 2015. Potential study participants were identified by means of the Dutch diagnosis and treatment code (DBC) for clubfoot. Patients were included in the study if they had idiopathic clubfoot and underwent treatment for a residual or relapsed deformity of their clubfoot at our tertiary institute. Patients were excluded if they did not have idiopathic clubfoot but rather a syndromic, neurogenic, or positional clubfoot.

Data on demographics, clubfoot deformities, the primary treatment, and additional treatment were gathered from the electronic patient files. Known clubfoot deformities were recorded: adduction, equinus, varus, and cavus. Since decreased dorsiflexion and active supination are early signs of relapsing clubfeet and as such require treatment to prevent further problems, we documented these as well. Active supination is caused by suboptimal function of the tibialis anterior (TA) muscle. In residual or relapsed deformities, the shape of the foot results in relative medialization of the insertion of the TA. This leads to an over-supination in the early swing phase but also by landing on the lateral border of the foot. This mechanism can be studied during walking but also when sitting on a bench with the lower legs free. If the patient is asked to raise the foot, it can clearly be seen if the foot is dorsiflexed neutrally or with a supination component. Because equinus and decreased dorsiflexion are strictly related, and both mark a deformity in the sagittal plane of the ankle, we decided to combine the equinus and decreased dorsiflexion (EqDD) and treated them as a single entity.

The data on the deformities were gathered retrospectively and were cumulatively gathered per individual. Because of the retrospective character of this study, the moment at which specific deformities occurred could not be determined. Given these facts, the deformities in a single patient formed a profile of the deformities that occurred over time.

Primary treatment was defined as the initial treatment of any kind that was performed with the intention to fully correct the primary clubfoot. Treatment for residual or relapsed clubfoot that had been performed outside our own clinic was also recorded. Additional treatment comprised the treatment applied for a residual or relapsed clubfoot at our center. For the different treatment stages, we registered the date of the initial corrective casts, usage of braces, and any surgical treatment.

We composed 3 treatment groups that differ from each other in extensiveness of the additional treatment necessary to treat the residual or relapsed clubfoot. In the first group (extended Ponseti protocol) additional treatment consisted of additional treatment following the Ponseti protocol. This could entail a second casting phase, renewed Achilles tendon tenotomy (re-ATT), and/or a tibialis anterior tendon transfer (TATT) (Ponseti [@CIT0013]). In the second group (brace adaptation), the treatment protocol of the Ponseti group was combined with adaptation of the bracing phase. In this group bracing was prolonged according to age or adjusted by the use of another type of brace. In those---often older---children who did not tolerate the standard foot abduction brace with a bar, an abduction dorsiflexion mechanism brace was used as an alternative. This brace consists of an alternative abduction, endorotation, dorsiflexion mechanism. It is constructed without a bar between both feet and therefore is usable unilaterally. The third group (additive surgery) entailed patients who received additional extra- and/or intra-articular surgical treatment that is not part of the aforementioned extended Ponseti protocol.
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Results {#s0004}
=======

Patient selection {#s0005}
-----------------

Initially, we identified 416 patients by means of the diagnosis/treatment code (DBC) for clubfoot. First, 103 patients were excluded from the database because these consisted of mothers expecting a child with clubfoot who were counselled before delivery by the orthopedic surgeon or patients who had been labelled incorrectly as clubfoot patients, leaving 313 clubfoot patients. Ultimately, 88 patients with 122 residual or relapsed clubfeet were identified and included in the following analyses ([Figure 1](#F0001){ref-type="fig"}).

![Flowchart of patient selection. **^a^**Residual and relapsed clubfeet.](IORT_A_1478570_F0001_C){#F0001}

Patient characteristics {#s0006}
-----------------------

The residual group comprised 33 patients (49 feet) and 55 patients (73 feet) had relapsed deformities. A substantial part (52/88) of the population was referred to our clinic from other centers. This explains the relatively high percentage of residual and relapsed feet in our population. As expected, the mean age at identification of the relapse was considerably higher than the age at identification of residual deformities (respectively 4.9 (0--15) years and 3.4 (0--16) years). The mean follow-up since identification of the residual and relapsed clubfoot was similar in both groups; in the residual group this was 3.8 (0.4--10) years, and in the relapse group 3.7 (0.3--21) years. ([Table 1](#t0001){ref-type="table"})

###### 

Descriptive data on both groups for patients and feet

  ------------------------------------------------- ----------------- -----------------
                                                    Residual          Relapse
  **Patients, n**                                   33                55
   Age at identification in months                                     
    mean (range)                                    41 (3--187)       59 (3--182)
   Follow up since identification in months                            
    mean (range)                                    45 (5--120)       45 (3--250)
   Male/female ratio (n)                            4.5/1.0 (27/6)    2.0/1.0 (36/19)
   Unilateral:bilateral ratio (n)                   1.1/1.0 (17/16)   1.1/1.0 (29/26)
  **Feet, n**                                       49                73
   Pirani at start of primary treatment                                
    median (IQR) ^a^                                5.8 (4.8--6.0)    5.5 (4.5--6.0)
   Ponseti treatment used in primary treatment, n                      
  yes                                               26                49
    no                                              19                16
    missing                                         4                 8
   Number of casts used in Ponseti                                     
    median (IQR) ^b^                                8.0 (6.5--15.0)   5.0 (4.0--6.0)
   Deformity, n                                                        
    equinus                                         20                12
    decreased dorsiflexion                          22                35
    adduction                                       20                34
    active supination                               15                21
    cavus                                           2                 3
    varus                                           13                13
   Group of additional treatment, n                                    
    Ponseti protocol                                32                27
    brace adaptation                                8                 23
    additional surgery                              9                 23
  ------------------------------------------------- ----------------- -----------------

**^a^**Data only available of 22/10 feet.

**^b^**Data only available of 37/17 feet.

The male-to-female ratio in the residual group was 4.5:1 and in the relapse group 2:1. Unilateral and bilateral clubfoot occurred frequently in the relapse group, as it did in the residual group (1.1:1.0). It should be noted that not all patients with bilateral clubfeet in the relapse group had a bilateral relapse. In the relapse group 8 patients with a bilateral clubfoot had a unilateral relapse.

Often Pirani scores and number of casts are used to give an idea of the primary severity of the clubfoot. Unfortunately, data on these two particular variables, especially of referred patients, were not complete ([Table 1](#t0001){ref-type="table"}). Based on the available data, clubfeet in the residual group had a Pirani score at the start of the primary treatment of 5.8 with an interquartile range (IQR) of 4.8--6.0. For the relapse group the median Pirani score was 5.5 with an IQR of 4.5--6.0.

In the residual group the number of primarily treated patients according to the Ponseti method was 26 of 49 patients and a median of 8.0 casts were used (IQR =6.5--15) ([Table 1](#t0001){ref-type="table"}). In the relapse group 49 of the 73 patients were treated with the Ponseti method as primary treatment and a median number of 5.0 casts was used to achieve initial correction (IQR =4.0--6.0).

Deformities ([Table 2](#t0002){ref-type="table"}) {#s0007}
-------------------------------------------------

[Table 1](#t0001){ref-type="table"} shows the occurrence of the different deformities. Portraying these deformities as single entities does shed some light on the deformities that appear in residual and relapsed clubfeet, but it does not grasp the full complexity of the clubfeet. In 26 of the residual clubfeet and 33 of the relapses, a profile with multiple deformities evolved over time. In total, 13 profiles with multiple deformities were identified in addition to 4 deformities occurring as a single entity ([Table 2](#t0002){ref-type="table"}).

###### 

Proportions of profiles of deformities in the relapse and residue group. Values are number of feet

  ----------------------------------------------- ---------- ---------
  Profile                                         Residual   Relapse
  Single deformity                                17         31
   EqDD**^a^**                                    14         22
   active supination                              1          2
   adduction                                      1          7
   cavus                                          1          0
  EqDD involved                                   16         20
   EqDD + active supination                       2          2
   EqDD + adduction                               5          4
   EqDD + varus                                   0          1
   EqDD + active supination + varus               1          0
   EqDD + active supination + adduction           2          7
   EqDD + adduction + cavus                       0          1
   EqDD + varus + adduction                       4          3
   EqDD + active supination + varus + adduction   2          2
  Other combinations                              10         13
   active supination + adduction                  3          4
   active supination + varus                      4          3
   active supination + varus + adduction          0          1
   varus + adduction                              2          3
   adduction + cavus                              1          2
  ----------------------------------------------- ---------- ---------

**^a^**EqDD = equinus/decreased dorsiflexion

EqDD occurred in 30 of the residual clubfeet and 42 of the relapsed clubfeet. In the majority of the profiles, EqDD played a role. Furthermore, EqDD is the most prevalent single deformity that occurs in residual and relapsed clubfoot. Adduction as a single entity, however, occurs in a rather large proportion in the relapse group as well. Adduction was present only once as a single entity in the residual group. Profiles in which active supination and adduction played a role were abundant as well (28 in the residue group and 41 in the relapse group). Varus was always combined with other deformities ([Table 2](#t0002){ref-type="table"}).

As a means of examining the relation between profiles of deformities and the age at which the residual and relapsed clubfeet were initially identified, we plotted these variables against each other ([Figure 2](#F0002){ref-type="fig"}). As stated in the methods section, it should be noted that not all feet had sufficient data available to determine the age at identification (20/122 missing).

![Age at identification of the residual and relapsed clubfoot compared to the group of profiles of deformities in the clubfoot. Blue bars show the feet with solitary equinus and/or decreased dorsiflexion and green bars are those with other solitary deformities. Red bars indicate feet with combined profiles that contain EqDD and purple bars show feet with other combined profiles. Plain tones show patients that were referred to our clinic.](IORT_A_1478570_F0002_C){#F0002}

An important proportion of the solitary EqDD deformity (27 of 36) occurs in the first year of life ([Figure 3](#F0003){ref-type="fig"}). When patients become older the amount of deformities occurring as a single entity diminishes. In our cohort 50% of the residual and relapsed clubfeet were identified before the end of the bracing period (before the age of 4). Furthermore, a peak is seen at the age of 5, 1 year after the end of the bracing period. After this peak, the amount of new residual and relapsed clubfeet decreases even further. Additionally, the proportion of clubfeet where single deformities play a role seems to decrease with age and these are seldom seen at the age of 6 and older. Combined deformities are detected more often as residual or relapsed deformities at a higher age. [Figure 3](#F0003){ref-type="fig"} also distinguishes our own (striped) from referred patients (plain color). In the first two years of life patients are often referred with clubfeet that display EqDD. Referred patients often demonstrate a more complex profile as they are diagnosed later in life.

![Age at identification of residual and relapsed clubfoot compared with their treatment group. Blue bars represent patients that had satisfying results with the Ponseti protocol. For patients displayed by green bars the Ponseti protocol was not sufficient and adaptation to a bracing protocol was needed to get good results. The red group contains those patients in which the previous 2 treatment options did not suffice and additive surgery was needed. Plain toned bars contain patients that were referred to our clinic.](IORT_A_1478570_F0003_C){#F0003}

Treatment groups {#s0008}
----------------

3 treatment groups were composed (see Methods section). The extended Ponseti protocol was sufficient in 32 out of 49 of the residue group and 27 out of the 73 clubfeet in the relapse group. An extra brace adaptation was sufficient in 8 of the residual clubfeet and in 9 of these feet additional surgery was needed ([Table 1](#t0001){ref-type="table"}). In the relapse group 23 of the feet were treated with brace adaptation and 23 of the patients needed additional surgical interventions that were not a part of the Ponseti protocol.

The Ponseti protocol was mainly used when feet presented with residues or relapses until the age of 5 ([Figure 2](#F0002){ref-type="fig"}). Brace adaptations increase up to the age of 6, but by the age of 9 brace adaptation was not used in any of the cases. The additional surgery group was not influenced by age.

Surgical interventions {#s0009}
----------------------

In the 3 previously depicted treatment groups, ATT and TATT were considered part of the extended Ponseti protocol, whereas any other surgery was not part of the extended Ponseti protocol and was classified as additional surgery.

Surgical treatment mostly consisted of extra articular procedures, of which re-ATT was applied 67 times out of 135 surgeries. Until the age of 4, re-ATT was almost exclusively the surgical treatment of choice. After that, TATT was used more often as well as other extra articular procedures ([Figure 4](#F0004){ref-type="fig"}).

![Age of patients at the moment of surgical intervention. Blue color marks the surgical treatments that are part of the Ponseti protocol. Green portrays extra-articular (EA) treatments that are not part of the Ponseti protocol. The red bars show the intra-articular (IA) treatments. Re-ATT: renewed Achilles tendon tenotomy, TATT: tibialis anterior tendon transfer, TPTT: tibialis posterior tendon transfer, PED: partial epiphysiodesis of the ventral distal tibia, OEA: other extra-articular surgery, PMR: posteromedial release, OIA: other intra-articular surgery.](IORT_A_1478570_F0004_C){#F0004}

The additional surgeries which are not part of the Ponseti protocol (see [Figure 4](#F0004){ref-type="fig"}, in green and red) were mostly preserved for older children in whom other treatment did not prove to be effective. We subdivided these additional surgeries into extra-articular treatments (green) and intra-articular treatments (red). The partial epiphisiodesis (PED) of the anterior segment of the distal end of the tibia was the most predominantly used extra-articular treatment that was not part of the Ponseti protocol. Intra-articular surgeries (see [Figure 4](#F0004){ref-type="fig"}, in red) were used in older children as well and consisted of posteromedial releases, closing wedge osteotomies, a triple arthrodesis, a fascia plantaris release, and the use of external fixators (in medial column lengthening and metatarsal osteotomies).

Discussion {#s0010}
==========

We describe a cohort of residual and relapsed clubfeet treated at a tertiary clubfoot treatment center. By identifying the profiles of deformities occurring in these problematic clubfeet and describing the treatment performed we depict the strength of the Ponseti treatment used in these patients but also show the necessity for additional surgical interventions in some patients.

Our population showed high resemblance to the normal clubfoot population in terms of affected foot and sex (Werler et al. [@CIT0017]). The majority of the included patients had already initially been treated with the Ponseti method, nowadays the preferred initial treatment for idiopathic clubfeet in the Netherlands (Besselaar et al. [@CIT0001]). The residual group showed a high number of casts used (median 8 casts), while the initial Pirani score was not higher. This suggests that these clubfeet already showed difficulties during the initial correction. Zhao et al. ([@CIT0018]) also showed that difficulty in correcting the initial deformity was predictive for a relapse. Furthermore, Ponseti et al. ([@CIT0014]) noted a specific group of complex clubfeet that are difficult to treat and require a modified Ponseti treatment.

All known clubfoot deformities could be present in residual and relapsed clubfeet. As was pointed out by Ponseti in 2002, equinus/decreased dorsiflexion is the most frequent reoccurring deformity, as we found as well. We also found many different profiles of deformities, though deformities in children younger than 4 years old often occurred solitarily.

The majority of relapses occur in the first 2 to 3 years of life and rarely after the age of 5 (Dietz [@CIT0003], Ponseti et al. [@CIT0014]). However, we also saw an increase in cases at the end of the bracing period. This difference might be related to ours being a tertiary clubfoot treatment center. As a consequence, patients may be older at presentation than they would be in other centers. However, the peak of residuals and relapses around the age of 5 might also point toward the important role of the foot adduction brace in preventing relapses. It should, however, be noted that difficulties during bracing often are a sign of a residual or relapsed foot causing a fitting problem as a result of decreased dorsiflexion (Dietz [@CIT0003]). In our study, however, in children over the age of 5 relapses often occurred in more complex deformity profiles.

Deformities, age, and treatment are all associated with each other, as age and deformities determine the suitable treatment. Treatment using the Ponseti protocol is particularly prevalent in the first 4 years of life, while brace adaptations and additional surgery are commoner in older children; we found the same in our cohort. This is in line with the step-by-step approach described by Radler and Mindler ([@CIT0015]) and Jowett et al. ([@CIT0006]). Early identification seems to be essential in preventing the need for additional surgical interventions, which have been associated with less positive outcomes in pain, functionality, and cosmesis (Radler and Mindler [@CIT0015]). In our retrospective cohort no objective scores on pain, functionality, and cosmesis were available.

Of course, the retrospective nature of our study also imposes several other limitations. The most important of these are incomplete data and difficulty distinguishing between residual and relapsed clubfeet, especially in referred cases. We defined a relapse in line with the Iowa group. Radler and Mindler ([@CIT0015]) suggest that the differentiation has minimal effect on further treatment. Perhaps a classification of residual and relapsed clubfeet based on severity might be more useful. However, it is difficult to compare the severity of the different profiles of deformities. Bhaskar and Patni ([@CIT0002]) identified 5 relapse patterns based on the involvement of dorsiflexion, adduction, or supination and whether the deformity was either dynamic or fixed. As we found many profiles of deformities, regularly also including cavus and varus, we felt that the Bhaskar classification was not capable of embracing the complexity of both residual and relapsed clubfeet. It should be noted that as we are a tertiary center, we generally treat the more severe cases and therefore the profiles of deformities might be more complex than in a standard clubfoot population.

In summary, our study showed that relapses occur at all stages of treatment and follow-up. All deformities of the initial clubfeet can (re)occur in residual and relapsed clubfeet and often a combination of deformities is seen. Practitioners should especially be aware of EqDD, adduction, and active supination as signs of a relapse. Due to the heterogeneous nature of residual and relapsed clubfeet, the treatment strategy should be based on a step-by-step approach including recasting, bracing, and if necessary surgical intervention. In the majority of our cases, especially if identified in an early stage, treatment according to Ponseti was sufficient to treat the residual and relapsed clubfeet. Identifying residues or relapses at an early stage could prevent the need for additional surgery.
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